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ABSTRACT 

Study  of  the  optic  and  elastic  properties  of  SrLaA104  and  SrLaGa04  crystals  are  presented.  The  investigated  crystals  were 
grown  by  Czochralski  method.  The  elastic  constants  of  SrLaA104  and  SrLaGa04  crystals  at  room  temperature  have  been 
determined  by  Brillouin  scattering  method.  Refractive  indices  have  been  measured  independently  by  ellipsometry 
technique.  The  results  are  discussed  in  terms  of  the  oxygen  point  defects,  which  can  be  created  in  the  lattices  of  SrLaA104 
and  SrLaGa04  crystals  during  the  growth  process. 
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1.  INTRODUCTION 

SrLaA104  (SLA)  and  SrLaGa04  (SLG)  are  applicated  as  substrates  for  high  temperature  superconducting  thin  films.  SLA 
and  SLG  compounds  crystallize  in  the  perovskite  - like,  tetragonal  KNiF4  - type  structure  of  I4/mmm  space  group.  The 
structure  of  the  crystal  is  built  up  of  translationally  equivalent  layers  formed  by  A106  (Ga06)  octahedra  and  between  the 
layers  the  Sr2+  and  La3+  ions  are  randomly  distributed  in  the  sites  of  C4V  symmetry.  There  are  two  non-equivalent  positions 
of  oxygen  atoms  in  the  unit  cell.  The  oxygen  02  is  situated  along  the  c-axis  above  Al3+(Ga3+)  ion  and  the  oxygen  01 
situated  in  a-b  plane.1  The  physical  properties  of  SLA  and  SLG  crystals  have  been  studied  intensively  using  different 
experimental  method.2'5  It  was  reported  that  the  structure  of  SLG  crystal  is  disturbed  by  the  existence  of  the  oxygen  point 
defects  which  appear  during  the  growth  process.  610  In  this  paper  we  presents  results  concerning  the  influence  of  growing 
atmosphere  on  the  optic  and  elastic  properties  of  SLA  and  SLG  crystals.  The  values  of  refractive  indices  n0,  ne,  elastic 
constants  Cu  = C22,  C33,  C44,  C55  = C66y  C]2l  C13  = C23  of  SLA  and  SLG  crystals,  which  were  grown  in  different 
atmosphere,  are  compared.  Cross  sections  of  the  phase  velocities  v for  longitudinal  (L)  and  transverse  (Tj  and  T2)  acoustic 
waves  propagating  in  (001)  plane  of  SLA  and  SLG  crystals  are  presented.  The  results  are  discussed  in  terms  of  the  oxygen 
point  defects,  which  can  be  created  in  the  lattices  of  SLA  and  SLG  crystals  during  the  growth  process. 


2.  EXPERIMENT 

SLA  and  SLG  crystals  used  in  our  experiment  were  grown  by  Czochralski  method  at  the  nonstoichiometric  proportion.  The 
light  yellow  SLA  and  SLG  crystals  were  grown  in  nitrogen  atmosphere  at  the  oxygen  pressure  of  4 • 10'5  atm.  The  green 
color  SLA  and  SLG  crystals  were  obtained  at  the  oxygen  pressure  higher  than  5 • 10'3  atm.6  Samples  of  very  good  optical 
quality  were  cut  in  appropriate  directions  according  to  the  imposed  selection  rules.  For  our  measurements  we  used  samples 
of  sizes:  5mm  x 4mm  x 3mm,  with  faces  perpendicular  to  the  [100],  [010],  [001],  [110],  [101]  directions.  The  Brillouin 
polarized  spectra  were  taken  in  the  standard  90°  scattering  geometry  at  room  temperature.  As  a source  of  light  we  used  X = 
488  nm  line  of  an  argon  - ion  laser  operating  on  a single  - mode.  The  scattered  light  was  analyzed  trough  a piezoelectrically 
driven  Fabry  — Perot  interferometer.  The  overall  finesse  (free  spectral  range  divided  by  the  instrumental  full  with  at  half 
maximum  of  the  incident  light)  achieved  was  not  less  than  50. 

Refractive  indices  of  SLA  and  SLG  crystals  were  obtained  by  applying  variable  angle  ellipsometry.  The  ellipsometric 
azimuths  y and  A were  determined  at  room  temperature  as  a function  of  incidence  angle  <p  for  wavelength  X.  ~ 488  nm.  The 
ellipsometer  used  was  an  automatic  instrument  of  the  rotating  analyzer  type  from  J.  A.  Woollam  Company.  The 
measurements  were  performed  for  <p  ranging  from  60°  to  70°  at  an  angular  resolution  of  0.1°.  The  accuracy  of  angle  of 
incidence  was  ±0.005°, 
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3.  RESULTS 

The  elastic  stiffness  tensor  of  SLA  and  SLG  has  six  nonzero  and  non  equal  components:  Cn~  C22 , C33,  C44,  C55  = C66y  Cj2, 
CJ3  = C23.n  In  order  to  determine  elastic  constants  from  Brillouin  scattering  spectra  suitable  scattering  geometry  have  to  be 
chosen.12  Using  different  scattering  geometry  we  were  able  to  study  the  propagation  of  the  longitudinal  (L)  and  transverse 
(Tj  and  T2)  acoustic  waves.  The  velocities  v of  a proper  acoustic  waves  were  calculated  using  Brillouin  equation: 


v 

I 


yjn2  +n]  -2 n.ns  cos# 


(1) 


where:  A is  the  wavelength  of  the  incident  light,  nh  ns  are  refractive  indices  for  the  incident  and  scattered  light,  respectively 
and#  is  the  scattering  angle,  A vB  is  the  Brillouin  shift.  The  elastic  constants  are  calculated  from  the  solution  the  equation  of 
the  motion  which  is  given  by: 


Cijklqjqk  ~pv2S..\  = 0 


(2) 


where:  qj7  qk  are  the  direction  cosines  of  the  acoustic  wave  propagation  , Cijki  are  the  elastic  constants  and  p is  the  density 
of  crystal.  The  direction  of  phonons  q and  corresponding  pv2  as  a function  of  the  elastic  constants  for  longitudinal  (L)  and 
transverse  (T[  and  T2)  acoustic  waves  are  summarized  in  the  Table  1. 


Table  1.  The  direction  q,  expression  for  pv2  as  a function  of  the  elastic  constants  Cv  and  values  of  velocities  v for 
longitudinal  (L)  and  transverse  (T\  and  T2)  acoustic  waves  propagating  in  yellow  and  green  SLA  and  SLG  crystals. 
The  density  p = 5.924  g/cm3  for  SLA  and  p = 6.389  g/cm3  for  SLG. 
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The  refractive  indices  of  yellow  and  green  SLA  and  SLG  which  are  needed  for  the  calculation  of  the  elastic  constants  using 
Brillouin  scattering  have  been  determined  by  applying  variable  angle  ellipsometry.  It  is  an  optical  technique  based  on 
analyzing  the  polarization  changes  caused  by  reflection  of  light  at  the  interface  between  two  dielectric  media.  The 
components  of  the  electric  field  E parallel  (Ep)  and  perpendicular  (Es)  to  the  plane  of  incidence  are  reflected  and  transmitted 
to  a different  degree  resulting  in  polarization  dependent  reflection  and  transmission  coefficients  i?'3  and  f’\  respectively, 
which  are  described  by  Fresnel’s  equations.13  The  basic  quantity  measured  is  the  complex  reflection  ratio  defined  as: 


that  can  be  expressed  through  the  ellipsometric  azimuths  y/  and  A in  the  following  form: 

fj.  — tanif/  exp(/ A)  (4) 

where  / = . In  the  last  equation  tamp  contains  ratio  of  the  electric  field  amplitudes  of  the  incident  and  reflected  light 

beams,  and  A is  the  reflection  induced  difference  in  phase  change  between  the  two  field  components.  Since  ellipsometric 
azimuths  are  dependent  on  a wavelength  \ and  angle  of  incidence  of  light,  <59,  such  a measurement  can  be  used  for 
characterization  of  the  optical  properties  of  the  entire  system.  By  ellipsometry  it  is  possible  to  directly  determine,  for  a given 
photon  energy,  the  complex  refractive  index  N = n - ik  of  an  isotropic  material  with  a perfectly  smooth  surface.  In  the  case 
of  an  anisotropic  sample,  for  uniaxial  crystal,  two  measurements  of  ellipsometric  parameters  for  the  high  symmetry 
orientations  of  the  optic  axis  with  respect  to  the  plane  of  incidence  are  necessary  to  calculate  the  principal  components  of 
the  dielectric  tensor.13'14  In  general,  reflection  of  light  from  anisotropic  or  chiral  media  is  determined  by  the  four  reflection 
amplitude  coefficients  {fp9  rps9  and  r*p). 

An  alternative  method  of  finding  the  ordinary  n0  and  extraordinary  ne  indices  of  refraction  of  uniaxial  crystal  is  based  on 
the  identification  of  an  analogous  the  Brewster  angle  or  pseudo-Brewster  angle  when  the  sample  is  absorbing  the  applied 
radiation.  It  means  that  p-polarized  light  is  not  reflected  at  the  Brewster  angle  of  incidence  (pB, , thus  giving  y/  = 0 (f*  “ 0). 
Only  special  orientations  of  uniaxial  crystals  are  known  for  which  an  explicit  formula  exists  for  the  angle  <pp9  at  which  no  p- 
polarized  light  is  reflected  when  the  incident  light  has  the  p-polarization. 15  When  the  optic  axis  (c-axis)  is  normal  to  the 
plane  of  incidence  the  polarizing  angle  (pp  is  equal  to  the  Brewster  angle  for  an  isotropic  medium  of  refractive  index  nQ  by 


tan  (p  - — 
p n 


(5) 


where  n is  the  refractive  index  of  ambient.  The  extraordinary  index  of  refraction  can  be  found  using  the  following  formula: 

(«o  -l)  tan-(p 


n.  =. 


-+1 


(6) 


which  applies  for  the  case  when  the  optic  axis  lies  in  the  plane  of  incidence  parallel  to  the  interface  and  the  measurements 
are  made  in  air. 

In  this  experiment  the  polarizing  angles  <pp  and  cp  fp  were  derived  from  y/(<p)  A(<p)  curves  for  high- symmetry  orientation  of  the 
crystal  samples  with  c-axis  perpendicular  and  parallel  to  the  plane  of  incidence,  respectively.  They  were  determined  as  the 
angles  of  incidence  for  which  y/  = 0 (or  it  has  minimum)  whereas  A = n!2.  In  this  way,  it  is  possible  to  find  the  Brewster 
angles  with  accuracy  limits  not  exceeding  ±0.05°.  The  extinction  coefficients  kQ  and  ke  were  determined  using  the 
ellipsometric  azimuths  measured  for  the  high-symmetry  orientations  of  c-axis  with  respect  to  the  plane  of  incidence. 

In  Table  2 we  present  values  of  refractive  indices  nQ  and  ne  together  with  extinction  coefficients  k0  and  ke  of  yellow  and 
green  SLA  and  SLG  crystals.  The  accuracy  of  refractive  indices  estimated  is  ±0.0025. 

The  values  of  elastic  constants  Cgj  of  yellow  and  green  SLA  and  SLG  crystals  determined  at  RT  by  Brillouin  scattering  are 
listed  in  the  Table  3.  The  accuracy  in  the  estimation  of  elastic  constants  is  no  more  than  2%. 

The  phase  velocities  of  longitudinal  (L)  and  transverse  (Tj  and  T2)  elastic  waves  propagating  in  (001)  plane  for  SLA  and 
SLG  crystals  have  been  calculated  using  Cy  constants.  Cross  sections  of  the  phase  velocities  of  the  elastic  waves 
propagating  in  (001)  plane  for  yellow  and  green  SLA  and  SLG  crystals  are  shown  in  Fig.  1 and  Fig.2. 
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Table  2.  The  values  of  refractive  indices  n0  and  extinction  coefficients  ka  and  ke  of  yellow 

and  green  SLA  and  SLG  crystals. 


crystal 


SLA  - yellow 


SLA  - green 


SLG  - yellow 


SLG  - green 


1.9685 


2.0189 


2.0010 


ne 

]r 

n.0 

1.9960 

0.093 

1.9912 

0.121 

2.0530 

0.118 

2.0416 

0.144 

Table  3.  Elastic  constants  LL  of  yellow  and  green  SLA  and  SLG  crystals  at  RT  (in  1010  N/m2) 


crystal 


SLA  - yellow 


SLA  - green 


SLG  - yellow 


SLG  - green 


Cn 

CI3 

10.25 

9.18 

10.55 

9.96 

8.61 

11.67 

7.97 

10.80 

SLA  - yellow 


SLA  - green 


Fig.l.  Cross  sections  of  the  phase  velocities  v (km/s)  for  longitudinal  (L)  and  transverse  (T*  and  T2)  acoustic  waves 
propagating  in  (001)  plane  for  yellow  and  green  SLA  crystals. 
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SLG  - yellow 
(001) 


Fig.2.  Cross  sections  of  the  phase  velocities  v (km/s)  for  longitudinal  (L)  and  transverse  ( [Tx  and  T2)  acoustic  waves 
propagating  in  (001)  plane  for  yellow  and  green  SLG  crystals. 


4*  CONCLUSIONS 

Both,  SLA  and  SLG  single  crystals  are  characterized  by  larger  the  ne  than  n0  values  for  wavelength  A = 488  nm.  The 
refractive  indices  of  green  colored  samples  are  lower  than  those  determined  for  yellow  colored  ones.  As  it  can  be  seen  from 
Fig.l.  the  propagation  of  the  longitudinal  (L)  and  transverse  (T}  and  T2)  acoustic  waves  in  (001)  plane  is  typical  for 
tetragonal  symmetry  both,  for  yellow  and  green  SLA  crystals.  However,  we  observe  the  disturbed  propagation  of  the 
longitudinal  (L)  and  transverse  and  T2)  acoustic  waves  propagating  in  (001)  plane  for  yellow  and  green  SLG  crystals 
Fig.2.  Moreover,  for  green  SLG  crystal  the  degeneracy  of  the  transverse  (T!  and  T2)  modes  along  the  [100]  and  [010] 
directions  occurs.  The  observed  anomaly  in  the  acoustic  waves  propagation  for  yellow  and  green  SLA  and  SLG  crystals  is 
probably  associated  with  the  displacement  of  the  oxygen  ions  from  their  original  positions  in  the  crystal  lattice.  This 
phenomena  can  lead  to  the  distortion  of  the  oxygen  octahedral,  which  finally  leads  to  a lower  symmetry  of  the  crystal 
structure  from  the  tetragonal  I4/mmm.  Moreover,  the  concentration  of  oxygen  defects  depends  on  the  oxygen  pressure 
during  the  growth  process  which  is  visible  as  the  increase  some  of  the  elastic  constants  (Table  3)  for  green  SLG  crystals 
The  results  obtained  are  consistent  with  our  previous  study  of  the  elastic  and  elastooptic  properties. 
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